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* NOTICES * 

m 

»* JPO and NCIPI are not resp^reible for any 

damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

In Frequency Synthesizer (300) Which Generates Output Signal 1. This Synthesizer (300) It is 
the i2 ** coherent light source (304 306). Each of these light sources Said light source which 
generates each become irregular radiation beam which is different wavelength, Said beam union 
equipment with which it is beam union equipment (310) which generates two lightwave signals 
become irregular combining the radiation beam of two ii(s), and said two lightwave signals 
become irregular have one modulation frequency, A means to delay one side of the lightwave 
signal become [ iii aforementioned ] irregular about another side (322), Control means which 
answers the modulation phase contrast detected between said lightwave signals delayed on the 
iv relative target become irregular, and controls said light source (304 306) (302) Synthesizer 
characterized by having. 

2. A means to delay one side of said lightwave signal become irregular about another side in a 
frequency synthesizer according to claim 1 is a synthesizer which is the die length (322) of an 
optical fiber. 

3. It is the synthesizer said whose beam union equipment is an optical-fiber coupler (310) in a 
frequency synthesizer according to claim 2. 

In Frequency Synthesizer According to Claim 3 4. Said Control Means i Two detectors with 
which the received lightwave signal become irregular is answered, and each generates each 
detector output signal (318 324), Phase detector which generates the output which answers the 
phase contrast between the ii aforementioned detector output signals, and answers it (330) A 
means to answer the output of a phase detector in order to adjust the iii light source (304 306) 
(302) Synthesizer which it has. 

5., and it is Said Phase Detector (330). [ Frequency Synthesizer According to Claim 4 ] 

The synthesizer which gives a negative feedback signal to ** and said means (302) to answer 

the output of a phase detector. 

6. It is the synthesizer stabilized to a die-length change according [ on a frequency synthesizer 
according to claim 2 and / the die length of said optical fiber (322) ] to a temperature change. 

7. It is the synthesizer constituted so that said frequency synthesizer may give an output signal 
with a frequency smaller than 100GHz equally to modulation frequency in a frequency 
synthesizer according to claim 1. 

8. It is the synthesizer said whose coherent light source (304 306) is laser in a frequency 
synthesizer according to claim 1. 

9. It is the synthesizer said whose laser is Nd:YAG laser in a frequency synthesizer according to 
claim 8. 

10. It is a synthesizer including a means by which said synthesizer offers continuous tuning 
capacity in a frequency synthesizer according to claim 1. 

11. Setting to a frequency synthesizer according to claim 1, said output signal is a synthesizer in 
which frequency modulation is possible. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Frequency synthesizer This invention relates to frequency synthesizers and those stability. 
Since the fluctuation in the phase of an oscillator can be interpreted also as frequency 
fluctuation, on these specifications, distinction is not made between frequency fluctuation and 
phase fluctuation. This phase / frequency relation are described by Standford Gorldman, 
"Frequency Analysis Modulation and Noise" by McGraw-Hill, Chapter 5, and Modulation (1948). 
A frequency synthesizer is equipment known well. These equipments are constituted so that one 
output signal may be given, and this output signal has one frequency chosen from the set of a 
separate value. A frequency discriminator can be used for a frequency synthesizer in order to 
maintain the stability of the predetermined frequency of an output signal. 
An example of an easy frequency discriminator is shown in "Electricity and Magnetism" by 
B.I.BIeaney and B.BLEANEY, 581 pages, the 3rd edition, and Oxford University Press 1983. This 
device is LC circuit discriminator and L and C are circuit members which have an inductance L 
and capacitance C, respectively here. Although the output signal of an oscillator is inputted into 
a discriminator, since the output signal depending on an input frequency is generated, this 
discriminator may be used in order to control the output frequency of an oscillator by the 
feedback control loop. Such a discriminator is suitable for the actuation only in a single 
frequency. It is not suitable to use by the multifrequency synthesizer. 

Using frequency discriminator by the feedback control loop is known. A feedback control loop is 
a system which feeds back an output signal to the input of a system, in order to change a 
system characteristic. In such a feedback system, when the signal fed back to the input causes 
an increment to an output signal, "positive feedback" which is produced with an oscillator is 
produced, and when it causes reduction to an output signal, "negative feedback" is produced. 
The effect of negative feedback is used in order to stabilize a circuit like an amplifying circuit. 
Such the discriminator feedback loop is known in order to use it for stabilizing the output from a 
source of a frequency like a voltage controlled oscillator (VCO). However, the drift of the 
impedance of the member of the conventional frequency discriminator or the value of 
capacitance may be carried out by change in ambient temperature. This may carry out the drift 
of the output of a frequency discriminator, and the drift of the output frequency of the source of 
a frequency can be carried out as a result. 

With other gestalten of VCO, two high frequency oscilator is contained and at least one side of 
such high frequency oscilator generates the output beat frequency which alignment (tuning) can 
be possible and can align. This VCO can have two laser, and these radiation is mixed in order to 
generate microwave beat frequency. The effect of a temperature drift is remarkable about 
especially the source of a frequency based on laser mixing. The radiation frequency from the 
laser which operates by 1.3 micrometers is about 3x1014Hz, and one drift of only one part per 
10,000 may make beat frequency produce no less than 300MHz change. The drift of this 
magnitude is [ not desirable being the thing and ] even for using it for the system which may 
account for the rate that the microwave frequency of the source of a frequency made into the 
problem here of operation cannot ignore, and needs the stable source of a frequency. [ further ] 
The optical-fiber stabilization electronic oscillator is described by R.T.Logan, Jr., etc. by 508-512 
pages (1991) of reports of 45th annual IEEE frequency-control symposium. The device of this 
Logan is equipped with VCO which has the output sent to an optical-fiber discriminator, and this 
optical-fiber discriminator gives frequency control after that to VCO through a loop filter. This 
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optical-fiber discriminatoMj^ides RF input signal into two, one [ tb^^] part is changed into the 
lightwave signal become i^JPLlar, and it is delayed using the opticf^Pber delay line, and after 
that, it is again changed into an electrical signal by the photo diode receiver, and another part is 
sent through a phase shifter by it. These two parts are compared by the phase detector after 
that, and this phase detector outputs the electrical potential difference depending on the phase 
contrast of these two parts. 

The optical-fiber delay line is equipped with the laser diode, and this laser diode generates the 
lightwave signal given to a single mode optical fiber become irregular. The engine performance of 
the device of Logan is restricted by the optical-fiber discriminator noise. The reference of Logan 
has suggested that this system may improve by use of the modulator (intensity modulator) of 
diode pump mold semiconductor laser or the exterior on the strength. In order to make the 
device of this Logan stabilize an oscillator using the optical-fiber delay line, a RF oscillator signal 
is changed into a lightwave signal from an electrical signal, and it has the fault that it must return 
to an electrical signal. 

Super-stability microwave and a millimeter wave photon-oscillator are described by other 
reference (announced by 420-424 pages of the report of the IEEE frequency-control symposium 
27-29 (May, 1 992) in 1 992) by Logan. Although the device described here is the same as that of 
what was mentioned above, it has the self-mode locking mold laser diode which operates as a 
source of microwave or a millimeter wave signal. Nothing is described about adjusting a device to 
this reference in addition to behavior of the mode locking mold laser as a frequency multiplier, 
and giving the output signal covering a frequency range to it. 

Other oscillator devices of Logan are described by U.S. Pat. No. 5,379,309. From the laser 
oscillation machine by which two impregnation lock mold laser is built into the device described 
here, and mode locking was carried out to such laser in actuation to a lightwave signal 
************ Impregnation lock mold laser receives a separate optical mode signal from mode 
locking mold laser respectively. Although it is together put in order that the output of these two 
impregnation lock mold laser may generate one output signal, the frequency of this output signal 
is equal to the difference in the frequency between the two modes each received from mode 
locking mold laser with impregnation lock mold laser. Alignment of a synthesizer output aligns 
one side of impregnation lock mold laser, and is one of these, and the 2nd thing can be 
performed by maintaining at a fixed frequency. When an alignment facility of laser exists, the 
stability of the output of a synthesizer may be lost and this is produced as a result of the 
temperature drift of laser. This invention relates to the device constituted so that the phase 
noise of two laser which operates on a rather different frequency might be decreased rather 
than it calls it the frequency instability of a device. 

The purpose of this invention i s offer ing other gestalten of a frequency synthesizer. 
This invention is what offers the frequency synthesizer which generates an output signal. This 
synthesizer It is the 12 ** coherent light source (304 306). Each of these light sources Said light 
source which generates each become irregular radiation beam which is different wavelength, Said 
beam union equipment with which it is beam union equipment which generates two lightwave 
signals become irregular combining the radiation beam of two ii(s), and said two lightwave signals 
become irregular have one modulation frequency, iii — a means to delay one side of said 
lightwave signal become irregular about another side iv — ■ it is characterized by having the 
control means which answers the modulation phase contrast detected between said lightwave 
signals delayed relatively become irregular, and controls said light source. 

By using a means to delay a lightwave signal, a small frequency synthesizer can be formed more 
nearly physically than the correspondence synthesizer equipped with the conventional delay line 
like a coaxial cable. 

This invention may be used in order to control an output frequency to the millimeter radiation 
generated by mixing the radiation from two laser from HF. HF radiation has the frequency of the 
range of 3MHz - 30MHz. 

In a desirable example, the frequency synthesizer has the optical-fiber delay line which gives one 
relative delay in two or more lightwave signals, and the die length of this delay line determines 
the frequency separation of a stabilization frequency. With the broadband width of face of mixed 
laser radiation and the combination of the broadband width-of-face capacity of an optical-fiber 
delay means which have the phase stability of a high degree, covering the frequency of the large 
range, it can align and the frequency of mixed radiation can be stabilized. 
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The output to which the c^^rol means of a synthesizer can also b^^uipped with two detectors 
which receive the lightw^^pignal become irregular and generate l^^iector output signal, a 
phase detector answers one between detector output signals of phase contrast here, and it is 
answered is generated, and a control means can also be equipped with a means to answer the 
output of this phase detector and to control the light source. A phase detector can also give a 
negative feedback signal to a means to answer it. 

The conventional frequency synthesizer which incorporated the feedback loop has the fault that 
high interest profit is needed for the feedback loop, in order to attain high precision. When laser 
is used by the synthesizer of this invention, this need decreases with sensibility with the big beat 
frequency to change of the element in the frequency of one laser. 

Stability is improved when the optical-fiber delay line is stabilized to the die-length change by 
the temperature change. Although the die length of the delay line determines an operational 
stability frequency in a certain example, the continuation frequency capacity in a certain 
restricted range may also be offered. Frequency modulation may be possible for an output 
frequency. 

Easy explanation of a drawing The example of this invention is described with reference to an 
accompanying drawing below only for instantiation. 

Drawing 1 is the schematic drawing of the frequency synthesizer of this invention constituted so 
that the frequency of the source of mixed laser might be controlled. Drawing 2 is the graph of 
the change accompanying the frequency of the phase detector output of the synthesizer of 
drawing 1 . Drawing 3 is the compound Fig. showing 12 separate output spectrums of the 
synthesizer of drawing 1 . 

Drawing 1 is referred to. The frequency synthesizer of this invention constituted so that the 
source of mixed laser radiation formed here as a R/F microwave frequency synthesizer might be 
controlled is shown, and, generally this synthesizer is shown by 300. "Laser offset" and the 
"locking accessory" (LOLA) unit 302 are connected to two laser 304 and 306. The LOLA unit 
302 is a series 2000LNU unit made by Lightwave Electronics. This is the power source of laser 
304 and 306, and in a certain mode of operation, also in order to lock the difference in those 
frequencies to a criteria oscillator, it operates, laser 304 and 306 — the device of Lightwave 
Electronics — that is, they are diode pump mold Nd:YAG model 123-1 31 9-040-F-W and -B-W. 
respectively. These have 40mW peak power and 100GHz maximum frequency separation. 
The radiation from laser 304 and 306 is turned to 50/50 directional coupler 308. The radiation 
from laser 306 passes the polarization controller 309, and passes a coupler 308 after that. A 
coupler 308 has the central part 310 equipped with two joint optical fibers and two outputs 312 
and 314. The radiation from laser 304 and 306 is together put by momentary association in the 
central part 310. 

It passes through the radiation (it is called "union radiation" for convenience) output together 
put from the output 312 optical-fiber 316, and it is sent to a radiation detector 318. A detector 
318 is the PIN diode by which the reverse bias was carried out. The union radiation output from 
an output 314 passes the delay line 322. The delay line 322 is the optical fiber of 250-meter 
length, and gives the propagation delay for about 1.2 microseconds. In order to improve 
temperature stability, metallic coating of the optical fiber which forms the delay line 322 is 
carried out. The 2nd radiation detector 324 is detached and arranged from the output 314 of a 
coupler 308 at the edge of the delay line 322. A detector 324 is the PIN diode by which the 
reverse bias was carried out as well as the detector 318. The output of a synthesizer 300 can be 
taken out from those both sides from either of the detectors 318 and 324. In order to make a 
drawing clear, the electrical connection to detectors 318 and 324 is not shown. 
In order for a mixed laser output to give an output with beat frequency from detectors 318 and 
324, a coupler 308 needs to receive radiation from two laser 304 and 306 with the same 
polarization. The polarization controller 309 is contained so that polarization of the light from 
laser 306 may have consistency with it from laser 304. The reinforcement of a detector RF 
output is supervised, polarization of the radiation from the laser 306 which reaches a coupler 308 
is adjusted using the polarization controller 309, and this reinforcement is made into max. 
The signal output from detectors 318 and 324 is connected to ******** of the input port 326 
and 328 of a phase detector 330. A phase detector 330 is DC coupling ANZAC. It is MD141 
mixer. This detector 330 has the output 332 connected to the LOLA unit 302 through two 10 dB 
attenuators 334 and 336, amplifier 338, and 5.1kohm resistors 340. The resistor 340 combined 
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with the capacitive input u«^dance of the LOLA unit 302 works ^^low-pass filter. 

When needed, low noise ^^^fier can be built into a synthesizer 3^Jind it can amplify the signal 

output from detectors 318 and 324 in front of input port 326 and 328. 

Actuation of a synthesizer 300 is described below. By combining laser in 50/50 directional 
coupler 308, the lightwave signal which has RF, a micro, or millimetric wave intensity modulation 
in the beat frequency of the laser which progresses to an optical fiber 316 or the delay line 322 
is produced from outputs 312 and 314. The lightwave signal in each of fiber 316 and the delay 
line 322 is changed into an electrical signal by detectors 318 and 324, respectively. The signal 
output from a detector 324 is relation with the signal output from a detector 318, and only time 
amount almost equal to the propagation time of the lightwave signal which leads the delay line 
322 is delayed. Consequently, when changing the modulation frequency of the output from a 
coupler 308 in connection with time amount, the input signal to a phase detector 330 changes in 
a phase, and this produces a time variation output from a phase detector 330. Modulation 
frequency may be changed in connection with time amount by the frequency drift in one side or 
the both sides of laser 304 and 306. 

When modulation frequency is stable in connection with time amount, the output of a phase 
detector is fixed about time amount. Especially, modulation frequency is stable in connection 
with time amount, and when the frequency is the thing [ as / whose two inputs to a phase 
detector are quadrature phases ], a phase detector generates the Nur output. A "quadrature 
phase" means having pi/2-radian phase contrast, although a signal has the same frequency and 
the same wave. 

Drawing 2 shows the graph of change which has the output beat frequency covering the range of 
several MHz measured by the opening loop mode of the output of a phase detector 330. A curve 
400 has the stable points 402, 404, 406, 408, 410, and 412 and the unstable points 414, 416, 418, 
420, and 422. The output from a phase detector 330 is committed as a control volt input to the 
LOLA unit 302 through attenuators 334 and 336, amplifier 338, and a resistor 340. So, a 
frequency synthesizer includes a feedback system. When the frequency of union radiation is an 
output from the phase detector 330 of a suitable value for it to be fixed and ignore about time 
amount, the control input voltage signal to the LOLA unit 302 is also very small. 
Next, actuation of the feedback loop is described briefly. For example, when modulation 
frequency corresponds to the point 402, the output from a phase detector 330 is 0, and the 
output frequency of a synthesizer 300 is still the frequency. When modulation frequency carries 
out a drift to a higher frequency, the response of a phase detector generates a negative voltage 
output. Consequently, the control volt input signal to the LOLA unit 302 is also negative, the 
frequency separation during the output of laser 304 and 306 are decreased, and modulation 
frequency is decreased so that it may return toward the frequency of the point 402. 
The reduction from the point 402 in modulation frequency makes a phase detector 330 similarly 
generate a forward voltage output. Consequently, the control to the LOLA unit 302, i.e., an 
amendment volt input signal, is forward. This makes modulation frequency increase so that it 
may return toward the frequency of the point 402. Therefore, on the frequency of the point 402, 
if it is an increment, or if any instability of modulation frequency is reduction, it will produce the 
negative feedback of a synthesizer 300 and will stabilize an output frequency in the frequency 
close to the frequency of the point 402. An above-mentioned view is applied also when a 
synthesizer output is set as other stable points 404-412. 

On the contrary, the points 414-422 express the unstable point. When modulation frequency is in 
the frequency of the point 414, a forward electrical potential difference arises in a phase 
detector by the increment in modulation frequency, but since this forward electrical potential 
difference increases modulation frequency further, operational stability is impossible. The 
instability in either of the points 414-422 produces the positive feedback of a synthesizer 300, 
and it drives it so that an output frequency may be separated from the unstable point like 414. 
When the beat frequency of union radiation swerves from the frequency corresponding to one 
frequency in the stable points 402-412, a phase detector 330 generates a signal, changes the 
frequency of one side of laser 304 and 306, or both sides, and blocks the frequency fluctuation 
of union radiation. 

A synthesizer 300 has a big advantage compared with the conventional frequency stabilization 
system. Although each laser is stabilized in the conventional system, the beat frequency 
generated by the combination of the radiation from laser 304 and 306 is stabilized by the 
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synthesizer 300. Consequa^ly, although it is necessary to stabilizj^^y one parameter, i.e., beat 
frequency, it is necessanjMpnake coincidence stabilize at least tl^^ara meters, i.e., each laser 
frequency, in a known system. 

The output frequency from laser 304 and 306 may be adjusted by the electric control port on 
the LOLA unit 302. Moreover, one temperature of laser 304 and 306 is changed using the 
temperature control of the LOLA unit 302, and changes the frequency. The temperature change 
guided is 1 GHz/degree C. It is order. Other options are about the union temperature and electric 
control which uses the LOLA unit 302, are used for frequency regulation with rough temperature 
control, and are used here for adjustment with detailed electric control. 

The optical fibers 316 and 322 of drawing 1 may be temperature stability fiber. Temperature 
stability fiber is described by the 19th volume of Electronic Letters, November 24, 1983, and 
1039-1040 pages by R.Kashyap etc. The frequency of the output of the source of each may be 
stabilized by the higher degree by using temperature stability fiber. The change in ambient 
temperature is because it will have only fewer effect on the optical delay path of a synthesizer 
300. Moreover, these fiber may include this fiber and a serial auxiliary temperature dependence 
path, in order that it may be positioned in a temperature control environment and optical path 
length may maintain fixed delay spacing. 

By using an optical fiber 322 in the optical delay path of a synthesizer 300, the effective quality 
factor QF quite higher than the conventional discriminator can be especially obtained in a high 
frequency. About propagation of 1.3-micrometer radiation, a single mode optical fiber has about 
0.4dB [/km ] loss. Requiring [ consequently ] about 5 microseconds, in order that the radiation in 
this wavelength may progress an optical fiber 1 km, that attenuation is about 0. 
It is 1 dB/microsecond. About the fiber which permits 3dB loss, this shows that the propagation 
delay for 30 microseconds may be attained. 

The effective quality factor QF is given by the following suitable formulas. 

QF=piftau — f is the frequency of radiation here and tau is a propagation delay. About X band 
microwave radiation in the relative delay with a general frequency of 10GHz for 30 microseconds, 
QF is about 106, 1 million [ i.e., ]. Although this is quite higher than the thing to the conventional 
synthesizer system; it is unnecessary to actually use such a high Q-value. It is because an 
output spectrum is the improved mere approach of as opposed to [ value / high / Q-] center 
frequency. Since it is deltaf=1/tau, a propagation delay tau determines separation of stabilization 
frequency deltaf again. 

Drawing 3 shows the graph of the output RF spectrum in various frequencies. Drawing 3 is the 
compound graph of 1 2 separate spectrums, and each spectrum has a single peak like peaks 500 
and 502 at which only 0.8MHz of frequencies was estranged. 

0.8MHz is the inverse number of 1.2-micrometer time delay imposed with an optical fiber 322. A 
synthesizer 300 may be used in order to compound the output frequency in a 0.8MHz a large 
number point. 

An alignment means to choose a synthetic predetermined output frequency can also be formed 
in a synthesizer 300. This can also be performed by the rough armature-voltage control of the 
assistance to VCO which can control a means to adjust the temperature of one side of each 
laser, or both sides. Actuation of the feedback loop is locking a frequency in one of the stable 
points of a discriminator response of drawing 2 . 

A synthesizer 300 makes it possible to obtain the set of a separate output frequency by 
controlling the LOLA unit 302 to a suitable value, using the feedback loop, and locking a 
frequency in one correctly in drawing 2 and two or more stable values shown in 3. Such separate 
frequency complement is made into many applications of a synthesizer as a thing like the local 
oscillator in FM radio set for which channel spacing of 50kHz is needed, and is useful to thern. 
For other applications, to have bigger control covering an output frequency is desired. Finer 
frequency spacing, and continuous tuning capacity or the capacity which generates FM signal 
may be needed. Such capacity can be easily attained by changing the synthesizer 300 of drawing 
1 slightly. 

Access to the unstable frequencies 414, 416, 418, 420, and 422 of drawing 2 can be easily 
attained by reversing the sign of the output of amplifier 328. When amplifier 338 is differential 
amplifier which has two inputs in which one side is grounded, the sign of an output may be 
reversed by making input connection reverse. 

The continuation frequency capacity in the restricted range can be established by incorporating 
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the differential amplifier ij^cnt of amplifier 338. Since this differeij^k amplifier has the gain of 1, 
even when it is that by wlf^^that 2nd input should be grounded, t^Pfrfect in actuation of a 
synthesizer can be disregarded. However, when this 2nd input is connected to the adjustable 
electrical potential difference V2, an electrical potential difference is turned to V2 from a phase 
detector according to an operation of the feedback loop. Probably, as for this, drawing 2 shows 
[ of a frequency range ] that continuous tuning capacity is mostly given over one half. By 
including reversal capacity in a differential-amplifier output additionally, the frequency range 
which essentially continues is possible. Grant of the alternating voltage as input voltage V2 gives 
FM capacity. It is restricted to a low frequency, carrying out in this FM capacity end. A high 
frequency is because it is oppressed by a low-pass filter operation of a resistor 340 and the 
capacity input impedance of the LOLA unit 302; 

Other continuous tuning capacity can also be offered by incorporating RF phase shifter in front 
of one side of the input port 326 and 328 of a phase detector 330, or both sides. The 
effectiveness of shifting a curve 400 in parallel with the X-axis is acquired by [ to a phase shifter 
330 ] changing the relative topology of two inputs. 

RF FM capacity may be attained by inserting 1 gain differential amplifier before the input to the 
LOLA unit 302 (i.e., after one of low-pass filters). Usually, the effectiveness of the feedback loop 
is amending a certain frequency modulation in an output frequency, or instability. With this RF 
FM equipment, the correction signal for barring the effectiveness of frequency modulation is 
oppressed with a low-pass filter. 

The graph of drawing 2 shows a sine output substantially. However, the wave of a response of 
the frequency discriminator to frequency change is the second in this invention. The most 
important parameter of a discriminator response is a frequency which a null point like 402-422 
produces. 

It is because these define the slope in the stability and the unstable point, and the stabilization 
frequency for actuation of a discriminator. 

In other examples, the delay line 322 can be replaced with the etalon of Fabry-Perot formed 
suitably, and required optical delay can also be given. 

the example mentioned above — Nd: — although the YAG laser is incorporated, other examples 
of this invention can also decrease a manufacturing cost by incorporating the semiconductor 
laser which may be accumulated on up to a single integrated circuit. 
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[Drawing 3] 
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